17 



What is claimed is: 

5 

L A method for designing a progressive addition lens, comprising a.) 
describing a progressive addition surface; and b.) optimizing the surface using a 
merit function of the formula: 

10 MF = MF b 1ur + MFp 0W e r + MF ot her 

wherein: 

MFbiur is a merit function that controls image blur; 
MFpower is a merit function that controls the mean sphere power; and 
15 MF 0 ther is a merit function that controls constraints on cosmetics and 
manufacturability . 

2. The method of claim 1, wherein the surface is described as a continuous, a 
differentially continuous, or a twice differentially continuous surface. 

20 

3. The method of claim 1, wherein the surface is described according to the 
equation: 

2 

c-r 2 4 6 8 

sag = Delta + — — -r+ai-r +a?'r + ou-r + ola-t + 

1 + Ll -(1 + k)-c -r J 

25 wherein: 

c is a surface curvature; 

r is a radial distance from an optical axis of the lens; 
k is a conic constant; 
otl, a2, a3, a4 each are a coefficient; and 
30 Delta x , y is a delta sag that is a function of x and y. 
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5 4. The method of claim 1, 2, or 3, wherein 



MF b.ur= 2I Wn ^x.o y ( RM ^..eJ 2 



e x e y 



wherein: 

9 X is a horizontal eye rotation angle; 
10 0 y is a vertical eye rotation angle; 

RMSe x ,Gy is an RMS spot size calculated at an image of an eye lens; and 
Wrmse Xj e y is a weight for a field position. 

5. The method of claim 1 ,2 or 3 wherein MF powe r is: 

15 

\2 



MF power = EI w ^.e y K,e y - p e x ,e y ) 



wherein: 

Pex,e y is a desired sphere power; 
8 X and 9 y are the eye rotation angles; 
20 Oe X) e y is actual sphere power; and 

W(|>e x ,ey is the weighting for that particular field point on the power error. 

6. The method of claim 4, wherein MF p0W er is: 



M W = Z2>Ve y (°e x ,e y - \,e y ) 2 
25 ° x e y 

wherein: 

Pox^ey is a desired sphere power; 
0 X and 0 y are the eye rotation angles; 
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Oex^y is actual sphere power; and 

W(j>e Xj e y is the weighting for that particular field point on the power error. 



7. A method for designing a progressive addition lens, comprising a.) 

5 describing at least two progressive addition surfaces; and b.) optimizing the surfaces 
using merit functions of the formula: 

MF = MFblur + MFpower + MF ot her 

10 wherein: 

MFbiur is a merit function that controls image blur; 

MFpower is a merit function that controls the mean sphere power; and 

MFother is a merit function that controls constraints on cosmetics and 

manufacturability. 

15 

8. The method of claim 7, wherein the surfaces are each independently 
described as a continuous, a differentially continuous, or a twice differentially 
continuous surface. 

20 9. The method of claim7, wherein the surfaces are each described according to 
the equation: 

c-r 2 2 4 6 8 

sag = Delta + - =r + air + cut* + avr + CM-r + .... 

1 + [I - (1 + k)-c r J 

wherein: 

c is a surface curvature; 
25 r is a radial distance from an optical axis of the lens; 
k is a conic constant; 
al, a2, a3, a4 each are a coefficient; and 
Delta x , y is a delta sag that is a function of x and y. 



30 
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10. The method of claim 7, 8, or 9, wherein MF powe r is : 

MF P owe r = ZI w ^ x ,9 y ( Ve y " p e x ,e J' ♦ w - dd e I .e J [( A * ,F e 1 ,e, ~ PF e X) e y f + ( AddB e x> e y " p \.e y ) 2 ] 



0 X 8 y 



wherein 

0 X is a horizontal eye rotation angle; 
0 y is a vertical eye rotation angle; 

RMSe x ,0y is a RMS spot size calculated at an image of an eye lens; 
10 Wrmse x ,e y is a weight for a field position; 

AddFe X) e y is a calculated add power on a front surface of the lens; 

AddB 0Xj e y is a calculated add power on a back surface of the lens; 

PFe x ,0 y is a target for an add power value for the front surface; 

PBe x ,9y is a target for an add power for the back surface; and 
1 5 Wadde x ,oy is a weighting. 

1 1 . The method of claim 7, 8, or 9, wherein MF power is : 



MF = Wadd f I (AddF. - PF„ ) 2 + (VldB P - PB, ) 2 
power faiL\ far far^ \ far far/ 



+ 



IXH l ,e y (\,8 y -\,eJ 2 



g x e y 



20 wherein 

0 X is a horizontal eye rotation angle; 
0 y is a vertical eye rotation angle; 

RMSe x ,e y is a RMS spot size calculated at an image of an eye lens; 
Wrms0 X ,e y is a weight for a field position; 
25 AddFe Xj e y is a calculated add power on a front surface of the lens; 
AddBe X) e y is a calculated add power on a back surface of the lens; 
PFex,e y is a target for an add power value for the front surface; 
PBe Xj 0y is a target for an add power for the back surface; and 



Wadde X) e y is a weighting. 
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12. The method of claim 7, 8, or 9, wherein MF b i ur is; 

MF bi ur = IZ[ Wrms G Jy h^e/ + Wa %,e y ( AstF e x ,e y " AF e x ,e y ) 2 ] 

e x e y ^ (IX) 

5 

wherein: 

AstFe Xi e y is either the surface astigmatism from the front surface or the contribution 
to the total lens astigmatism as seen by the eye from the front surface; and 
Wasto X) e y are the weights placed on the unwanted astigmatism. 

10 

13. The method of claim 10, wherein MFbiur is: 

MF biur- IX[ fc e x ,e y h X) eJ 2 + Wast e x ,e y ( AstF e X) e y " AF e x ,e y ) 2 ] 

My (IX) 

wherein: 

15 AstFe x ,e y is either the surface astigmatism from the front surface or the contribution 
to the total lens astigmatism as seen by the eye from the front surface; and 
Wast9 Xj e y are the weights placed on the unwanted astigmatism. 

14. The method of claim 1 1, wherein MFbi ur is: 

MF bi ur = IZ[ w ™e x ,e y ( RM \,e y ) 2 + Wast e x ,e y ( AstF e x ,e y - AF e x ,e y ) 2 ] 
20 e * °y (IX) 

wherein: 

AstFe X) e y is either the surface astigmatism from the front surface or the contribution 
to the total lens astigmatism as seen by the eye from the front surface; and 
25 Waste x ,e y are the weights placed on the unwanted astigmatism. 
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15. The method of claim 1 or 7, further comprising c.) determining a set of 
coefficients to describe the lens surface to minimize the value of the merit function. 

5 16. The method of claim 15, wherein step c.) is carried out by (i) selecting 
optimization variables that are a curve for a front surface and a curve for the back 
surface of the lens; and (ii) minimizing MF ot her. 

17. A progressive addition lens, comprising a first and a second progressive 

10 addition surface, wherein an unwanted astigmatism for the first progressive addition 
surface is greater than 0.25 diopters. 

18. A progressive addition lens, comprising a first progressive addition surface 
having a first add power and a second progressive addition surface having a second 

15 add power, wherein a maximum unwanted astigmatism of the first progressive 
surface is greater than the first add power. 

19. A progressive addition lens, comprising a first progressive addition surface, 
a second progressive addition surface, and a total lens add power that is about the 

20 sum of the add power of the first and second progressive surfaces, wherein a 

maximum unwanted astigmatism of the lens is less than about one-half of the total 
lens add power. 



